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中心，由于存在着 C-2位醛基与 N-1位叔胺的邻近相互作用，这种作用受到 pH
值及溶剂的影响，导致了对这类生物碱的纯化与结构确证复杂化。Sarains A-C
具有抗菌、杀虫及抗癌活性。正是基于 sarains A-C 独特与复杂的结构以及构筑
手性中心的困难，完成对它们的全合成是一项巨大的挑战。直到2006年，Overman







建立一条简洁、高效、通用的 sarains A-C 双氮三环十一烷核心结构的不对称合
成路线；2、从(S)-苹果酸出发合成 10 个光学活性松叶蜂性信息素。通过实验我
们取得了以下结果： 















构 166 的不对称合成。关键步骤：1. 经串联的 HWE 反应与分子内 Micheal 加成
反应在 170 的 C-6 位引入反式 2-丙酮基侧链；2. 碱促进下，合成砌块 169 的分
























































































The Mediterranean sponge Reniera sarai is a rich source of structurally unique 
alkaloids. The most remarkable of these, sarains A–C, were isolated by Cimino and 
co-workers in 1986 and fully characterized three years later. These alkaloids contain a 
unique diazatricycloundecane core, which is flanked by two macrocyclic rings. Of 
these large rings, the 14-membered ring is especially intricate, with both vicinal diol 
and skipped triene functionalities. Sarains A–C possess a total of seven stereocenters, 
including two quaternary carbon atoms at C-3 and C-3’. In addition, the spatial 
proximity of the tertiary amine N-1 atom and aldehyde functional group in 1–3 results 
in a proximity interaction, which is sensitive to the pH and solvent environment. This 
interaction significantly complicates both the purification and characterization of 
these alkaloids. Sarains A–C display ntibacterial, insecticidal, and antitumor activities. 
The intriguing structural features make sarains A–C attractive and challenging 
synthetic targets. Not until 2006 has the first asymmetric total synthesis of sarain A been 
accomplished by Overman’s group, which involved a 46-step synthesis. 
 
In view of the importance of the above two themes, the purposes of this paper are 
to develop: 1. a concise, efficient synthesis of  Diazatricyclic for sarain A; 2. to 
undertake the total synthesis of sex pheromone of pine sawflies from (S)-malic acid. 
The main results and observations from these studies are listed as follows:  
1. Starting from the building block 163, the bicyclic system 166 was synthesized. 
There are two key procedurs for the synthesis of 166: First, To introduce 2-oxo-propyl 































































2. Starting from the building block 163, the Diazatricyclic core 161 was synthesized. 
 
 
3. The total synthesis of 10 optical isomers of sex pheromone of pine sawflies were 
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Ac acetyl / 乙酰基 
Allyl propylene / 烯丙基 
Ar aryl / 芳基 
Bn benzyl / 苄基 
Boc t-butoxycarbonyl / 叔丁氧羰基 
Bz Benzoyl / 苯甲酰基 
Cbz  benzyloxycarbonyl / 苄氧羰基 
Cy cyclopentadienyl / cyclopentadienyl 
m-CPBA m-Chloroperoxybenzoic acid / 间氯过氧化苯甲酸 
DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene / 1,8-二氮双环[5,4,0]十一烯 
o-DCB o-dichlorobenzene / 邻二氯苯 
DEAD diethyl azodicarboxylate / 偶氮二甲酸二乙酯 
DHP 3,4-Dihydro-2H-pyran / 3,4-二氢吡喃 
DIBAL-H diisobutylaluminum hydride / 二异丁基氢化铝 
DMAP 4-N, N-dimethylaminopyridine / 4-N, N-二甲氨基吡啶 
DMF N,N-dimethylformamide / N,N-二甲基甲酰胺 
DMSO dimethylsulfoxide / 二甲基亚砜 
HMDS Hexamethyldisilazane / 六甲基二硅胺 
HMPA hexmethylphosphoric triamide / 六甲基膦酰胺 
IBX o-iodoxybenzoic acid / 邻碘酰基苯甲酸
Imid imidazole / 咪唑 















LHMDS bis(trimethylsilyl)amine lithium / 六甲基二硅基氨基锂 
MsCl Mesyl chloride / 甲磺酰氯 
naph. naphthalene / 萘 
NMO N-metyhlmorpholine-N-oxide / N-甲基吗啉-N-氧化物 
Ph phenyl / 苯基 
PTSA 
(p-TsOH) p-toluenesulfonic acid / 对甲苯磺酸 
Py (pyr) pyridine / 吡啶 
RCM ring-closing metathesis / 闭环复分解反应 
TBAF tetrabutylammonium fluoride / 四丁基氟化铵 
TBS (TBDMS) t-butyldimethylsilyl / 叔丁基二甲基硅基 
TEA triethylamine / 三乙胺 
TFA trifluoroacetic acid / 三氟乙酸 
THF tetrahydrofuran / 四氢呋喃 
THP 3,4-Dihydro-2H-pyran / 四氢吡喃 
TIPS Triisopropylsilyl / 三异丙基硅基 
TIPSOTf Triisopropylsilyl triflate /三异丙基硅基三氟甲磺酸酯 
TMS trimethylsilyl / 三甲基硅基 
TMSOTf Trimethylsilyl triflate / 三氟甲磺酸三甲基硅酯 
TPAP TetrabutylammoniumPerruthenate / Pr4NRuO4 / 过钌酸四丁基铵 
Ts Tosyl / 对甲苯磺酰基 















第一章 引 言 
 











haliclorensin 6[2]，对P-388 白血病具有一定的细胞毒性（LD50 = 0.1 mg/mL）。红
藻海人草（Digenea Simples）中分离得到的海人草酸（α-kainic acid）是一种中枢
神经研究用的生物试剂[3]；从“renosclerabrasil iensis”海绵体中分离出的四环烷
基哌啶生物碱haliclonacyclamine E[4]，对人体L929,B16 和U138 癌细胞有细胞毒
性作用。从“Reniera sarai”海绵组织中提取出的sarains A-C[5]是具有抗菌、杀虫及
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